The early life history of girellid fishes in Japanese waters is unclear, and little is known about their species-specific reproductive strategies. We examined seasonal changes of distribution patterns for settlement-stage juveniles of Girella punctata and Girella leonina on the rocky shore in the regions of Kanto and Izu, Japan, to infer the influence of the Kuroshio Current on their reproduction. We collected 813 settlement-stage juveniles mainly in Sagami Bay and genetically identified the species.
Introduction
Largescale blackfish Girella punctata and smallscale blackfish G. leonina (Perciformes, Girellidae) are demersal fish inhabiting the coastal rocky bottom zone around Japan. Both species are commercially important in coastal fisheries, and also very popular with anglers. However, in many respects the habitat use of these species throughout their life history remains unknown. Precise understanding of their habitat use is essential for stock management and sustainable use of this resource.
The geographical distributions of these species largely overlap in the western North Pacific, but G. leonina is distributed a little more to the south than G. punctata. The northern extremity of the distribution on the Pacific side of Japan is the coastal waters of the Boso Peninsula for both species (Nakabo 2000) , whereas the northern extremity in the Sea of Japan is thought to slightly differ: the coastal waters of the Niigata Prefecture for G. punctata and the Tsushima Strait for G. leonina (Yagishita and Nakabo 2000) . Similarly, the southernmost distribution area of G. leonina (off Fujian, China) is supposedly located to the south of the southernmost area of G. punctata (off Hong Kong, China) (Nakabo 2000) .
In contrast to the distributions of the adults, little is known about geographical distributions of juveniles in both species. Such poor information about the juveniles may be caused by the difficulty in species identification of juveniles. Generally, morphological discrimination of G. punctata and G. leonina is mainly based on the shape of the caudal fin, the number of scales, and pigmentation patterns (Araga 1997; Yagishita and Nakabo 2000) , but these morphological criteria are unreliable in identifying juveniles (Fujita et al. 2000) . Therefore, Itoi et al. (2007) developed a simple and highly sensitive method for 1 3 separating these two species, using polymerase chain reaction (PCR) and restriction fragment length polymorphism (RFLP) analysis of mitochondrial DNA (mtDNA). Nakai et al. (2015) utilized this method to identify small juveniles of the girellid fish with < 25 mm standard length (SL), collected from the littoral zones of rocky shores and drifting seaweeds in Sagami Nada around Shimoda, the southeastern Izu Peninsula, and found marked seasonal changes in the species compositions. In this area, the juveniles of G. punctata mostly appeared from May to July with the peak in June, while juveniles of G. leonina mostly appeared from January to May (Nakai et al. 2015) . A similar time lag in the appearance of these two species was found for the fish with 10-80 mm SL, collected in the coastal waters of the Izu Peninsula (Mano and Itoi 2011) . These previous studies have suggested that the interspecific differences in the seasonal occurrence of juveniles probably reflect the difference of their spawning seasons: February to June in G. punctata (Araga 1997; Konishi 2014a ) and November to December (Araga 1997) or October to February (Konishi 2014b) in G. leonina.
In the present study, we focused on the general distribution patterns of the settlement-stage juveniles of these two girellid species around the rocky shore in the Kanto-Izu region. Our recent maturity analysis of adult fish suggested that G. punctata spawns during spring in various places around Kyushu and the southern part of Honshu (mainland) (Nakai et al. 2015; Takai et al. 2017) , whereas the spawning ground of G. leonina might possibly be located in the southernmost distribution area of the species, which is located in the upstream region of the Kuroshio Current (Takai et al. 2017) . If that is the case, the Kuroshio Current would transport eggs, larvae, and juveniles of G. leonina to the coastal waters of the Japanese Archipelago and enable juvenile settlement along the coast of Japan. Accordingly, we expect that the juvenile distribution of G. leonina would be closely related to the Kuroshio Current.
In this study, we examined the seasonal changes in the juvenile distributions of G. punctata and G. leonina on the rocky shore in Sagami Bay, between the easternmost part of the Izu Peninsula and the southernmost part of the Miura Peninsula, to infer the influence of the Kuroshio Current on the reproduction of these species. Sagami Bay is not directly exposed to the Kuroshio Current, in contrast to Sagami Nada. If the Kuroshio Current strongly influences the juvenile distribution of G. leonina, it can be assumed that the species compositions of the juveniles are different between Sagami Bay and Sagami Nada. Here we also examined the distributions of the juveniles in the coastal waters of the southern Boso Peninsula and the inner part of Tokyo Bay as a supplementary research to better understand the influence of the Kuroshio Current.
Materials and methods

Sampling and measurement of fish
Juveniles of the girellid fish were collected using hand nets (3-mm-mesh aperture) around the rocky shore at eight stations (S1-S5, B1, B2, and Y; Fig. 1 ). In the northeastern area of Sagami Bay, multi-year monthly surveys were conducted at two stations: S1 (Hayama) from April 2012 to March 2015 and S2 (Enoshima) from June 2012 to March 2015. Year-round monthly surveys were conducted at S3 (Jogashima) around the southernmost tip of the Miura Peninsula from November 2014 to November 2015, and S4 (Ito) around the eastern edge of the Izu Peninsula from April 2016 to December 2017. As a supplementary survey, we also conducted bimonthly sampling at two stations in the Boso Peninsula: B1 (Kamogawa) from February to August in 2015 and B2 (Tateyama) from April to August in 2015. In addition, we also conducted one-off supplementary surveys at S5 (Oiso) in the northern area of Sagami Bay in July 2012 and July 2015 and Y (Yokohama) to the north of the Uraga Channel in June 2014 and September 2014. The sampling was carried out in the intertidal zone at low tide during the spring tide.
The collected fish were measured for SL (millimeters) and wet weight (BW; grams), and subsequently fixed with 99.5% ethanol solution. The condition factor (K) of the fish was calculated for both species by the following formula: K = BW/SL 3 × 10 5 . We also analyzed the body size distribution and the K of the juveniles collected on the rocky shore of Shimoda (station I) in Sagami Nada by Nakai et al. (2015) . However, K could not be calculated for some of the juveniles from Shimoda, since the data of body weight were invalid for those individuals.
DNA extraction, PCR amplification, and PCR product sequencing
Identification of species was carried out on the basis of the discrimination method using PCR-RFLP of mtDNA reported by Itoi et al. (2007) . A total of 30 individuals were randomly chosen and analyzed from each station every month, when abundant specimens were collected. In cases of smaller sample size with < 30 individuals, all the individuals were genetically analyzed.
Total genomic DNA was extracted from the skeletal muscle of all the analyzed juveniles using the method of Sezaki et al. (1999) . DNA fragments corresponding to the control region and the 16S ribosomal RNA (16S rRNA) gene in mtDNA were amplified by PCR. Primers 16SAR-L (5′-CGC CTG TTT ATC AAA AAC AT-3′) and 16SBR-H (5′-CCG GTC TGA ACT CAG ATC ACGT-3′) were used to amplify the partial 16S rRNA gene fragment, following Palumbi et al. (1991) . Primers fDloop_F (5′-TTC CTG GCA TTT GGT TCC TAC TTC AG-3′) and ftRPhe_R (5′-CCA TCT T AAC ATC TTC AGT GTT ATG C-3′) were used to amplify the partial control region flanked by part of a transfer RNA gene, following Itoi et al. (2007) . PCR amplification was performed using a reaction mixture containing genomic DNA as a template, 1 unit of GoTaq Flexi DNA polymerase (Promega, USA), 4 µl of 5 × Green GoTaq Flexi Buffer (Promega), 2.6 µl of 5 µM primers, 1.6 µl of 2.5 mM deoxyribonucleotide triphosphate mix and 2 µl of 25 mM MgCl 2 , and the total volume was brought to 20 µl with sterile water. The thermal cycling profile of PCR consisted of an initial denaturation at 95 °C for 1 min, followed by 35 cycles of denaturation at 95 °C for 10 s, annealing at 55 °C for 30 s, and extension at 72 °C for 45 s.
The RFLP analysis of the gene products was performed by digesting 5 µl of each amplified product with 10 units of restriction enzyme: HinfI (Nippongene, Japan) for 16S rRNA and XbaI (Nippongene) for the control region (Fig. 2) . The reaction was carried out at 37 °C for 1 h in a reaction mixture containing buffer supplied with the kit. The digested samples were subjected to electrophoresis on a 3% agarose gel and stained with Midori Green DNA Stain (NIPPON Genetics, Japan).
Statistical analysis
The body size (SL) and the K were compared between G. punctata and G. leonina using Mann-Whitney's U-test. The temporal changes in the body size of the juveniles were analyzed using Pearson's correlation coefficient (r) and its significance test. Statistical analysis was performed using Excel Statistics 2012 (Social Survey Research Information, Japan).
Results
Species composition in Sagami Bay
A total of 2467 girellid juveniles were collected around the rocky shore in Sagami Bay from April 2012 to December 2017. We examined the species composition of 744 juveniles, using the species discrimination method of mtDNA by PCR-RFLP, and found there was a marked interspecific difference in the occurrence frequency between G. punctata and G. leonina. The analyzed juveniles consisted mostly of G. punctata (n = 676), which comprised 90.9% of all the 744 individuals. By contrast, G. leonina totaled 66 individuals only in the bay.
In the multi-year monthly research during 2012-2015 at two northeastern stations, S1 (Hayama) and S2 (Enoshima), we collected 777 girellid juveniles at S1 from April 2012 to June 2014 (Table 1) and 376 juveniles at S2 from June 2012 to June 2014 (Table 2) . A total of 250 individuals at S1 and 146 individuals at S2 were genetically analyzed for species identification, respectively. As a result, the species compositions at these stations were characterized by a seasonally frequent occurrence of G. punctata and a rare occurrence of G. leonina. The 250 juveniles collected at S1 consisted of 245 G. punctata (98.0%) and five G. leonina (2.0%) (Table 1) . Similarly, the 146 juveniles collected at S2 consisted of 139 G. punctata (95.2%) and seven G. leonina (4.8%) ( Table 2) . The species composition at S3 (Jogashima), located around the southernmost tip of the Miura Peninsula, was slightly different from those at S1 and S2. We collected a total of 365 juveniles from May to August 2015 by year-round sampling during November 2014 to November 2015, and genetically identified the species of 107 individuals (Table 3 ). The analyzed juveniles consisted of 91 G. punctata and 15 G. leonina. The composition ratio of 14.0% 1 3
for G. leonina at this station was higher than the ratios at the two northeastern stations, S1 and S2. A further difference in the composition of species was found for the juveniles collected at S4 (Ito), located around the eastern edge of the Izu Peninsula and the westernmost area of Sagami Bay. In the monthly sampling from April 2016 to December 2017, we collected a total of 855 girellid juveniles, and genetically identified the species of 205 individuals (Table 3 ). The analyzed juveniles consisted of 167 G. punctata (81.5%) and 38 G. leonina (18.5%). The composition ratio for G. leonina at this station was highest in Sagami Bay.
In the supplementary sampling at S5 (Oiso), located on the northern coast of Sagami Bay, we collected a total of 94 June  24  24  21 20.6 ± 3.9 16.1-31.6 3 30.1 ± 3.1 26.8-33.0 (Table 3) . There was a marked interspecific difference in the occurrence frequency, similar to the results at the northeastern stations, S1 and S2. The analyzed 36 juveniles consisted of 34 G. punctata (94%) and one G. leonina (3%).
Occurrence season in Sagami Bay
During the research period in Sagami Bay, the G. punctata juveniles were collected on the rocky shore from April to August and the G. leonina juveniles were collected from March to July ( Fig. 3; Tables 1, 2 and 3) . Neither of these Table 1 a Species of one individual could not be identified because of degradation of DNA Fig. 3 Seasonal changes in the species composition of the girellid juveniles collected from the rocky shore in Sagami Bay, Sagami Nada, and the coastal zone of the Boso Peninsula. The distributions are shown for the integrated data of S1 (2012) (2013) (2014) (2015) , S2 (2012-2015) , S3 (2014-2015) , S4 (2016-2017) , B1 (2015), and B2 (2015) in the present research and I (2011-2012) in Nakai et al. (2015) . The species composition of the juveniles collected from drifting seaweeds (DS) in Sagami Nada by Nakai et al. (2015) is also shown with larger circles species was collected from September to February at any station. The occurrence season of G. punctata locally varied with sampling stations, but the time lag was only 1 month: April-July at S1 and S4 and May-August at S2 and S3. Nakai et al. (2015) collected planktonic juveniles of G. punctata in May and June from drifting seaweeds in Sagami Nada off Shimoda, the southeastern part of the Izu Peninsula, and settlement-stage juveniles from April to July on the rocky shore of Shimoda. Thus, the occurrence season of G. punctata juveniles in Sagami Bay was highly consistent with the occurrence season in Sagami Nada. On the other hand, the occurrence season of the G. leonina juveniles in eastern Sagami Bay (S1-S3) was markedly different from that in Sagami Nada (Fig. 3) . The G. leonina juveniles in Sagami Nada were collected from January to June, and particularly during January to March G. leonina singly comprised the girellid juveniles (Nakai et al. 2015) . By contrast, the G. leonina juveniles in the eastern Sagami Bay were collected during April to May at S1 and May to June at S2 and S3, and juveniles of G. leonina were not collected from January to March.
At the eastern edge of the Izu Peninsula (S4), the juveniles of G. leonina were collected for 4 months from March to June, longer than the duration at S1 (April-May), and S2 and S3 (May-June) (Fig. 3) . The catch of G. leonina in March was earliest in Sagami Bay, and thus the occurrence season at S4 was intermediate between Sagami Nada (Shimoda) and eastern Sagami Bay.
Occurrence of juveniles in the other areas
In the bimonthly sampling at B1 (Kamogawa), located on the Pacific coast of the Boso Peninsula, we collected a total of 231 girellid juveniles in April and June, but no girellid juvenile was collected in February and August ( Fig. 3 ; Table 4 ). DNA analysis of 30 individuals collected in April and June showed G. leonina only in April and G. punctata only in June. That is, the percentage of each species throughout the research period was equal at 50%. On the other hand, only eight girellid juveniles were collected at B2 (Tateyama), located around the southernmost area of the Uraga Channel. All these individuals were genetically identified as G. punctata. Further, one juvenile of the girellid fish was collected at Y (Yokohama) to the north of the Uraga Channel in June 2014 (Table 4) , and this individual was also genetically identified as G. punctata.
Body size and K of girellid juveniles
In the research on Sagami Bay, the body size of 744 girellid juveniles genetically identified to species ranged from 12.3 to 46.8 mm SL. The body size of G. punctata (n = 676, 12.3-46.5 mm) was slightly smaller than that of It appears that the body size of juveniles of the girellid fish collected monthly in the eastern Sagami Bay (S1-S3) increased from spring to summer (Fig. 4) . We examined the relationship between the time (elapsed days from 1 January) and the body length (SL) for the juveniles of the girellid fish collected monthly at S1-S4 (Table 5 ). In G. punctata, significant positive correlations were found at these stations except for the fish collected at S4 in 2016, but the correlation coefficients were not that high (0.25-0.71) even when the correlations were significant. At S1-S4, the settlement-stage juveniles collected during April to July always included smaller juveniles < 20 mm SL.
In G. leonina, the time-related change of body size was unclear (Fig. 5) . The juveniles collected at S1 in 2014 and S2 in 2013 showed high correlation coefficients (0.82-0.91), 
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. e Shimoda (I) (data from Nakai et al. 2015) but these correlations were not significant (p > 0.05). On the contrary, the correlation in the juveniles collected at S4 in 2017 was significant (p < 0.0005), but the correlation coefficient was negative (− 0.59). At S4, smaller juveniles < 20 mm SL were collected from March to June. The K of the girellid juveniles was significantly higher in G. punctata than in G. leonina in the northeastern Sagami Bay (S1 and S2, p < 0.05), the westernmost Sagami Bay (S4, p < 0.01), and Sagami Nada (I, p < 0.01) (Mann-Whitney's U-test; Fig. 6 ; Table 6 ). Contrary to this, the K of the juveniles at the southernmost tip of the Miura Peninsula (S3) was significantly higher in G. leonina than in G. punctata (p < 0.05). There was no significant interspecific difference (p = 0.93) only on the Pacific coast of the Boso Peninsula (B1).
Discussion
Nursery ground use in G. punctata
In Sagami Bay, juveniles of G. punctata were collected on the rocky shore from April to August. Particularly, the G. punctata juveniles ubiquitously appeared in May and June, suggesting that this area is utilized as the nursery ground by G. punctata. This occurrence season is highly consistent with the season previously reported for Sagami Nada (Shimoda, station I) by Nakai et al. (2015) . The G. punctata juveniles in Sagami Nada were collected from drifting seaweeds in May and June and the rocky shore during April to July. Thus, it is likely that G. punctata juveniles in both Sagami Bay and Sagami Nada simultaneously settle on the rocky shore and live there until summer.
Smaller juveniles of G. punctata < 20 mm SL were constantly collected from April to July in Sagami Bay. Generally, larvae of G. punctata hatch out 53-60 h after insemination (Mito 1957) , and planktonic juveniles are supposed to settle to the coastal bottom after a 1-month planktonic phase in the water column (Suzuki 2011) . Therefore, we can calculate that smaller juveniles < 20 mm SL collected during April to July had been mainly born during March to June. In the maturity analysis of adults of G. punctata collected in the coastal waters of the northern Izu Islands, peak values of the gonadosomatic index (GSI) were found in April for both females and males (Nakai et al. 2015) , and mature oocytes were found in the females collected in April and May by histological observation (Takai et al. 2017) , suggesting that G. punctata spawns in the region during April to May. Therefore, the birth month (March-June) calculated for the smaller juveniles largely overlapped with the spawning season around the northern Izu Islands. The majority of the settlement-stage juveniles collected in May and June in Sagami Bay may be assumed to be born in April and May in the nearby area such as the Izu Peninsula waters.
On the other hand, the birth month of smaller juveniles collected in April was estimated to be March, assuming that the duration of planktonic life for G. punctata is 1 month. As Table 6 The condition factor of G. punctata and G. leonina (tenth percentile-medianninetieth percentile), and the significance of the interspecific differences in Mann-Whitney's U-test
Station
G. punctata G. leonina Significance S1 and S2 1.52-2.32-3.09 (n = 346) 1.50-1.95-2.21 (n = 7) p < 0.05 S3 1.50-2.13-2.45 (n = 67) 2.05-2.29-2.55 (n = 3) p < 0.01 S4 1.97-2.66-3.51 (n = 159) 1.74-2.17-2.46 (n = 34) p < 0.01 B1 1.17-1.85-2.40 (n = 28) 1.51-1.89-2.24 (n = 30) p = 0.93 I 1.33-2.16-3.08 (n = 99) 1.11-1.46-2.01 (n = 106) p < 0.01 1 3 mentioned above, the adult females in March were immature in the northern Izu-Islands waters, and therefore birth in March is improbable in the area. According to Maeda et al. (2002) , GSI of G. punctata collected off the southern Kii Peninsula (Kushimoto) peaked in April, just like the peak season in the northern Izu Islands. It was thus considered that G. punctata spawns from April to May in the broad region off the Pacific coast of central Japan from the Izu Peninsula to the Kii Peninsula. Therefore, we inferred that the settlement-stage juveniles in April were born in the more upstream region of the Kuroshio Current in March. Takai et al. (2017) found that the GSI peaked in March for the G. punctata adults collected in the coastal waters of Tanegashima Island, located to the south of Kyushu district, and that the adult females had mature oocytes in March and April. This 1-month earlier maturity of G. punctata in the upstream region of the Kuroshio Current suggests that the juveniles collected in Sagami Bay in March originate from the population in the upper reaches of the Kuroshio Current. Recent genetic studies of the population structure of G. punctata reported that the DNA sequences of specimens collected from various areas around Japan were homogeneous, suggesting that the transport of the fish by ocean currents gives rise to the gene flow in G. punctata (Saito et al. 2008; Umino et al. 2009 ). The result in this study is highly consistent with the reported genetic structure of this species.
In the bimonthly research on the coast of the Boso Peninsula (B1 and B2), G. punctata was collected in June only, and no G. punctata juveniles were collected in February, April, or August (Fig. 4d) . In June, a total of 208 girellid juveniles were collected at B1 and B2 and all the 38 juveniles genetically analyzed were identified as G. punctata. This suggests that the juveniles of G. punctata temporarily utilize the coastal waters of the Boso Peninsula as a nursery ground in early summer for a short period.
Nursery ground use in G. leonina
The settlement-stage juveniles of G. leonina collected on the rocky shore in Sagami Bay totaled 66 individuals only, accounting for only 8.9% of all the 744 juveniles genetically analyzed for species identification. The occurrence season of the settlement-stage juveniles was shorter in G. leonina except for the eastern edge of the Izu Peninsula (station S4), lasting about 3 months from April to June. An individual was collected in July at S5 (Oiso), but its body size was large at 46.8 mm SL and therefore it is likely that this individual had already stayed there for several months after settlement.
Such a short duration of the occurrence of G. leonina juveniles in Sagami Bay contrasts with their long-term occurrence in Sagami Nada around Shimoda (station I). In Sagami Nada, the juveniles were collected for half a year from January to June, and particularly the girellid juveniles during January to March consisted only of G. leonina (Nakai et al. 2015) . Thus, the geographical difference in the distribution of the G. leonina juveniles can be characterized by an abundant catch and long duration of occurrence in Sagami Nada, and a sparse catch and absence during wintertime in Sagami Bay. It is likely that this difference reflects differences of the ambient water temperature in the coastal zone. In general, the optimal water temperature for the juveniles of G. leonina ranges from 25.1 to 28.3 °C, with an optimum of 26.1 °C, and a low temperature of 8.0-11.8 °C is fatal to the juveniles (Shimo et al. 2000) . According to continuous observation of water temperature on the coast of Shimoda [station I (Yoshihara and Takashiro 2009)] , the daily data at 10 a.m. during 2003 to 2007 averaged 15.3 °C in January, 14.1 °C in February and 14.5 °C in March. By contrast, the water temperature on the coast of S2 (Enoshima) has been reported to decrease to about 11 °C in February (Yoshiyasu et al. 2004; Ueda and Ara 2015) . We infer that the G. leonina juveniles in Sagami Bay cannot survive such a low temperature during wintertime, in contrast to the juveniles growing in the warmer water in Sagami Nada where the Kuroshio Current flows along the coast.
At the eastern edge of the Izu Peninsula (station S4), the juveniles of G. leonina appeared in March, earlier than the occurrence of the juveniles in the eastern area of Sagami Bay (Fig. 3) . It is well known that warm water from the Kuroshio Current often intrudes into Sagami Bay through Sagami Nada and influences the currents and the circulation of water in the bay (Hinata et al. 2003) . The environment of S4 would be strongly influenced by the intrusion of the warm water of the Kuroshio Current, since this station is located around the mouth of the intrusion. The earlier occurrence and relatively abundant catch of the G. leonina juveniles at this station likely reflect the influence of the warm water of the Kuroshio Current.
On the Pacific coast of the Boso Peninsula (station B1), the juveniles of G. leonina were collected in April only. All the girellid juveniles genetically analyzed were identified as G. leonina in the month. This result suggests that the coastal zone of the Boso Peninsula is temporarily utilized as a nursery for G. leonina in spring. In Sagami Bay, we collected only 66 juveniles of G. leonina by monthly sampling at multiple stations over the period of 2012-2017, while the 30 juveniles of G. leonina on the Pacific coast of the Boso Peninsula were collected at one time point in April 2015. Sagami Bay is not directly exposed to the Kuroshio Current, in contrast to the peninsulas of Izu and Boso. It is probable that the Kuroshio Current plays an important role in the transport and settlement of juveniles of G. leonina. Takai et al. (2017) reported that the gonads of adult G. leonina collected off Tanegashima Island were higher in GSI than those collected around the northern Izu Islands, and the oogenesis of the G. leonina adults was more advanced in Tanegashima Island waters. Based on these results, Takai et al. (2017) expected the spawning ground of G. leonina to be located in the upper reaches of the Kuroshio Current, much further upstream of Tanegashima Island. We expect that planktonic larvae and juveniles of G. leonina are transported over a long distance from the upper reaches of the Kuroshio Current, and settle on the rocky coast of the KantoIzu region along the path of the Kuroshio Current.
Importance of the Kuroshio Current to the reproduction of girellid fish
In Sagami Bay, the juveniles of G. punctata were collected in abundance in spring and summer, while the juveniles of G. leonina were rarely collected throughout the research period. We infer that this contrasting result reflects the interspecific difference in the influence of the Kuroshio Current on the transport of the girellid juveniles. It has been suggested that the spawning grounds of G. punctata exist in various places around Kyushu and the southern part of Honshu (Mizue and Mikami 1960; Maeda et al. 2002; Nakai et al. 2015; Takai et al. 2017) . Therefore, a large portion of planktonic juveniles of G. punctata are likely transported by the local current and eddy, and locally settle on the coastal bottom near the spawning ground. On the other hand, the spawning ground of G. leonina has not been reported yet, and in our previous research we expected the adults of G. leonina to spawn in the upstream region of the Kuroshio Current on the basis of maturity analysis (Takai et al. 2017) . If eggs and planktonic larvae and juveniles were mostly transported a long distance by the Kuroshio Current from its upstream region, the G. leonina juveniles could more easily settle on the bottom near the path of the Kuroshio Current and would not easily reach the inner part of Sagami Bay which is not directly exposed to the Kuroshio Current.
In G. leonina, there was no significant increase of body size with time in either Sagami Bay or Sagami Nada (Fig. 5) . This result supports the probable long-distance transport by the Kuroshio Current. The planktonic larvae and juveniles of G. leonina are likely to grow in Kuroshio Current water and finally settle on the coastal bottom by chance. The intermittent settlement of size-varied juveniles would constantly disrupt the body size distributions of the juveniles on each rocky shore. As a result, we cannot observe the growth process of the sedentary juveniles on the rocky shore.
The K of the juveniles was significantly higher in G. punctata than in G. leonina in the coastal waters of the Izu Peninsula (S4 and I) and the northeastern area of Sagami Bay (S1 and S2) ( Fig. 6; Table 6 ). As mentioned above, warm water from the Kuroshio Current often intrudes into Sagami Bay through Sagami Nada (Hinata et al. 2003) . In general, the water of the Kuroshio Current is depleted in dissolved and particulate organic matter (Teramoto 1987), relative to the coastal water with higher productivity. The planktonic life in such oligotrophic water could cause the starvation of post-larvae and juveniles, and result in the decrease of their K. Significantly lower Ks of G. leonina also support the probable long-distance transport by the Kuroshio Current.
By contrast, in the eastern side of the study area, the K of G. leonina was significantly higher than that of G. punctata at the tip of the Miura Peninsula (S3) or almost equal to that of G. punctata on the Pacific side of the Boso Peninsula (B1) (Fig. 6; Table 6 ). It is well known that nutrient-rich water from the Oyashio Current intrudes into Sagami Bay along the coast of the Boso Peninsula (Senjyu et al. 1998) . The ocean dynamics differ between the eastern and western zones of Sagami Bay. We infer that the girellid juveniles around the Boso Peninsula arrive at the rocky shore through a distinctive transport pathway in the Oyashio-Kuroshio interfrontal zone.
1 3 maturation process of the G. leonina adults collected from the upper reaches of the Kuroshio Current.
